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Abstracts: This paper aims to design and generate a loft surface using three distinct curves (Hermitee cubic curve,
straight line, and quadratic Bezier curve) and analyze its characteristics in isotropic space using type-2-Bishop.
Moreover, the loft surface's 1% and 2™ - fundamental forms in the loft surface were investigated. In addition, their
Gaussian, mean, and second Gaussian curvatures in I°> were computed using the first and second type-2-Bishop
curvatures. Furthermore, the required and adequate conditions for the surface with type 2-Bishop curvatures that are
developable, minimal, and Weingarten surfaces (W-surface) were furnished. Besides, based on our results, two
applications were provided to create and design a loft surface in biology: a double helix DNA surface and a cusp surface
and all the above properties (I, I, H, K, Ki1, developable, minimal, and W-surface) were studied.
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1. INTRODUCTION

The loft is a planar drawing obtained through the development of SMCs that incorporates manufacturing and
inspection features before being transferred to astrofoil sheets and released for production [1]. This type of surface
patch has a curved shape [2].

A surface that provides a smooth transition between two or more disconnected surfaces or links two or more
separate, intersecting surfaces is referred to as a general lofting surface.

Lofting surfaces are frequently instructed on edges, corners, and joints. A lofting surface's main feature is that it
provides a smooth transition between the surfaces it links with some degree of continuity. The way the lofting
surface meets the main surfaces is typically more significant than the precise geometry of the interior [3].

Shipbuilders were historically one of the preliminary to automate both processes to construct surface
representations. Ships are large, and sail lofts above the dockyard's drying docking area are the only large and
suitable dry location in a dockyard for stockpiling comprehensive ship design parts. Lofted surfaces describe those
areas of a ship's surface that seem flat in one direction and curled in the opposite direction. Automobile and aircraft
manufacturers began to focus on using computers to automate vehicle creation and design in the 1960s.
Customarily, illustrators and developers would have to create designs of any portion of a car or airplane's surface in
clay, which were then utilized to produce workers by creating seal molds. Using a computer to build a surface
portion cooperatively became possible and then let the computer drive a cutting machine to fabricate the portion [3].
While a loft is a solid or surface characteristic with more than two drawing profiles, a loft (or blend) surface is
created rather than a ruled surface [4].

In computer-aided design (CAD), curves, surfaces, and solids can be created and designed with CAD in two-
dimensional (2D) space as well as three-dimensional (3D) space. CAD is widely used in the automobile, boat
building, and aviation industries, as well as in architecture and building for industry (building information modeling),
prosthetics, and many other fields. Digital content creation (DCC) is a concept that refers to the formation of digital
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animation for given effects in films, advertisements, and technical manuals in CAD. Even perfume bottles and
shampoo dispensers are now created utilizing methods that would have been unthinkable to engineers in the 1960s
due to the pervasiveness and power of computers in modern society [5, 6]. Computer-aided geometric design,
specifically, refers to creating geometric models for item shapes (CAGD) [7]. A computer-aided drug design
approach was used to create new norepinephrine transporter inhibitors as potential antipsychotic agents. Ten
hypothetical inhibitors were created using computer-aided design and demonstrated superior pharmacological
properties as potential antipsychotic agents compared to an FDA-approved antipsychotic drug (atomoxetine) [8].

Since curvature can disappear at some points along a curve w(r), when @'’ (r) = 0, the Frenet-Serret frame
does not exist for every point along each curve. Different frames are required in this instance [9]. Consequently, in
1975, Bishop introduced the Bishop frame using parallel vector fields. It is characterized as the parallel or
alternative frame of curves. The Bishop frame, further recognized as the frame that enables paralleled
transportation, is another method for describing the well-defined, and even though @'’ (r) = 0, the frame is starting

to move [10, 11]. Korpinar et al. procured several categorizations of parallel curves in E? using the Bishop frame
[12]. An updated Bishop frame was presented as a regular curve known as a "Type-2 Bishop Frame" [13].

If a surface w = R(J, p) for a pair of (J, p) by the KGaussian curvature, H mean curvature, and Kj; second
Gaussian curvature of a surface fulfills the condition RU,p) = 0, where R is the Jacobi function described by
R = Jp — pJ/, then the surface is said to be a (J, p)-Weingarten surface (W-surface) [14,15].

2. FUNDAMENTAL CONCEPTS

Metrics and movement isotropic geometry is the three-dimensional affine transformation of a six-parameter
function obtained by [16, 17]

U=mr +u cose —Esine,

E=r,+usine+ Ecose,

L =b; +byU + b3E + L.
where 11, 13, by, by, by, and £ € R. The isotropic metric is generated by
ds? =dU? +dI? [1].

Let 0 = (0;, 02 03)and ¢ = (¢1,¢2,¢3) be vectors in I2. (0, ¢); of O and ¢ is defined as

§7i 0161 + 03¢, if otherwise.

According to [18], the unit vector in isotropic space I? is given by U = (0,0,1).
Along the unit speed curve w, the Serret frame and type-2-Bishop frame are represented to {p, Y, S} and

{X, A, S}, respectively.
Frenet—Serret frame fulfills these equations:

du
Y
= = k@ u(t) + T5(0), 3)
ds
E = —T Y(t).
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where k and t are the curvature and torsion of @ and
Hu, w)=1, HY, Y)=1, H(S, S)=1,
H(u, Y)= H(Y, S)=H(u, S)=0.
The type 2-Bishop frame formula is described as

X'(r) = —r1(r) S(r),
A'(r) = —Ka(r) S(r), (4)
S'(r) =k (1) X(r) + ko (1) A(Y).
where
GX, X)=1, GA, A)=1, G(S, S)=1,
G(X, A)= G(A S)=GEX, S)=0
Here the Bishop curvatures are defined by [9, 19]

k. (r) = k(r) cose (1), and k,(r) = k(r) sin e (r).

where

g:m—l(:g), r=¢,  and k(®) = [ik2() + i3(),

This formula describes the relationship and distinguishes among both Frenet and type-2-Bishop frames [11, 20]:

u(r) sine(r) —cose(r) 0 X(r)
rm | = (COS £ E?‘% sine (5)) {)) A()
S(r) 0 0 1/ \$ (r)

We defined a surface R in I® by
o(yw) = (0’1(}“ w), oz(y,w), o3(y, W)): (5)

For a surface ¢ (y, w), the first fundamental form is determined concerning the induced metric as [11]

[=08,,dy? + 0., dy dw + 85, dw?,
where

011 = <0’ya O’y)a 012 = <0’ya Ow), 022 = (oW Ow) (6).

The 11 is described for the normal vector field U of a completely isotropic surface by [11]:

II = hyy dy? + hy, dy dw + hy, dw?,
where

hi1 = 03y, 0), h1z = {03, U}, has = (0w, V) (7).
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The definitions of an isotropic Gaussian curvature K, the isotropic mean curvature H, and the isotropic second
Gaussian curvature K;; [11] are:

2
hi1hyy — hi,

S Rt A

1 811}122 - 2612}112 + 822}111
Hy,w) ==(k; + k) = , (9
& 20 2(81,0,, — 07,) ©)
1 1 1
_Ehllww—'—hlzyw_ihzzyy Ehlly h,]_gy _Ehllw
1 1
Ky (yw) = (hyihoy — hfg)z hlZw - Eh'ZZy hiy hiz
1
EhZZW }112 ;122
1 1
0 Ehggy Ehggw
1
- Ehzzy his hiz . (10)
1
2 hzzw his hao

In section 3, we studied how to generate the loft surface.

3. LOFT OR (BLEND) SURFACE IN I3

As illustrated in Figure (1), the A loft surface could be decided to make by three curves @(y), M (y), and
Q(y), as in the w position, on three different concurrent drawing planes [4].

Figurel: Quadratic surfaces lofted in the W direction by (P(}’)- Mm(y), and Q) [4].

Unless assuming that the curve M (y) is at w =1/2 of such loft surface, any curve anywhere along the w path
produced by a fixed y value at the three separate curves [4].

In this work, we discussed the loft surface designed by three curves. For all y, w the values in (0,1); so, the
parametric equation of the loft surface is as follows:
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2 -4 21| e®)
ocy,w) =[w?2 w 1][—3 4 1‘ M|, @ w)€eo,1]1x[0,1] (11)
1 0 ollowy

In addition, we discussed constructing the three curves to get to the final surface equation.

We selected Hermite's cubic curve @ (y), the first curve in the loft surface. A cubic curve is described by its start
and end points and the tangent vectors at those points. This is recognized as the geometric format curve [4].

The formula of the Hermite cubic curve is given by:

2 -2 1 1 o (¥)
13 2 3 3 -2 ol 1
eI =0" ¥y g o 17 olleo, | (12)
1 0 0 0 ‘Pl,y(y)

Choosing the points and the vectors are defined by:

po(y)=(1, 0, 0), ¢, (y)=1(0, 0, 0),
Poy ¥ =00,-10), o, =(2-2 0. (13)

By Eq. (12), we constituted the Hermite cubic curve by the following equation:
e =0A-y*, -y 0 (14)

We chose the second curve M (y) as a straight line in the loft surface (4). The following equation was utilized to

choose the two points My (y) = (—1,0, %) and M; (y) = (0, — %, 1) to establish a straight line as:

1 1
M) = A=) M) +yM60) =(-1, —3y ~145) 05

The quadratic Bezier curve is the third curve on the surface. Pierre Bezier devised one such curve in the 1970s,
which has since been one of the most widely used curves in geometric modeling [4].

A quadratic Bezier curve is described as follows:
n
QW) =) @ FaG) yeDI (16)
j=0

for which y; is the it" control point, m is the curve's polynomial order, and B; ,,, is the corresponding Bernstein

polynomial described as:
B () =L, Ny’ A—-y)™ 7, yelol] (17)

L(m, j) is the binomial coefficient defined as:

m!

D) = =
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At m = 3, the curve is characterized by four control points for a quadratic Bezier curve. The basic functions of
a quadratic curve can be inferred from Eq. (16) as follows:

fB0,3 (y) =(1- 3’)3,
By s(0) =3y (1-y)?
Bys(») =3y (1—y),
B33(y) = ye.
As illustrated in Eq. (17), a quadratic Bezier curve can be expressed as:
3
Q) = 2 Q; B3 (y) = Qo Bo3(y) + @ By 3(y) + @, Bo3(y) + Q3 B3 5(y)
. (1-yP+3y°1-y*+3y*A-y»+y*, yelo1] (@18
It should be mentioned that Eq. (18) can also be authored by the Bezier curve in matrix form as:

1 3 -3 17[Q®»)

QW) =[y3 y2 y 1] _33 _36 [3} g %;EBJ (19)
1 0 0 0 Qs ()

By choosing the points

G0=0 0 -D  eo=(L0 -3)

1
uM=(10 -3) BW=(200 @

From Eq. (20), we substituted in Eq. (19) to get the equation of the Bezier curve
Q) =@0+y% 0, —1+y) (21)
From Egs. (14), (15) and (21), we concluded the loft surface as defined by Eq. (11) as:
oclyw)=(-1+2y*w—y?, —w—y+wly, 2w?2—2 yw) (22)
The properties of the loft surface are investigated in the following section.

4. THE PROPERTIES OF LOFT SURFACE IN B

In the present section, the loft surface obtained by the vectors X(s), A(s), and O(s) within the type-2-Bishop
frame is presented as:

oyw)=(-1+2y*w— y2) X(s) + (—w —y+ w?y) A(s) + 2w? —2 yw) 0(s) (23)
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The figure of the loft surface is shown in Figure 2.

Figure 2: The Loft Surface

To calculate the first fundamental form of X, we have to find the first derivative of the surface by the following:

oy(y,w) = (2)}(—1 +2w)+ w3 +y+2w)i;(y), —1+w?2+w(-3+y+2w)k,(y),
wt (14521 = 2w ) + O +w = ywD) 1)), (24)
oww)=Q2y?, —14+2yw, —3+y+4w). (25)

From Egs. (6), (23),(24), and (25), we got the coefficients of the I from:
2 2
P11 = (Zy(—l +2w) + w(—3 + y + 2w) fcl(y)) + (—1 +yw }cz(y)) ,
12 = —2y(y — W)(J’(z —4w)+wit+yw Kl(s)): 20 = 4y (y —w)?
To find the 11 form of X, we must find the second derivative of the surface by the following formula:

oyy (W) = (—2 + 4w + K, (y) (ZW + (1 +y2(1— ZW))xl(y) +(y+w—y wz)xz(y))

+w(=3+y+2wlk,' ), 2w+ (1 +y? —2y°wi; () )rea ()
+ @+ w—yweo(3)? + w3 +y + 2w, (y), 4y(1 —2w)r(y) —w(=3 +y
+ 2wt ()% = 2(—1+ W (y) — w(=3 +y + 2w, () + (1 +y* — 2y°w)r,' (¥)

FO+w— W) @)
O’ww(yrw) - (Or 2_)1, 0) (28)

oy (W) = (4y + (=3 4y + 4w (3), 2w+ (=3 +y +4w)ie(), 1+m60)
= 2y(yi, &) + wi, () (29)

From Egs. (7), (27),(28), and (29), we obtained the second fundamental coefficients from:

hyp = 4y(1—2w) i, (y) —w(=3 +y + 2wk (1)? — 2(—1 + w2y (y) — w(=3 + ¥ + 2w)K, ()2
+ 1 +y =2y"w) iy D)+ +w—ywiHi,' (),  (30)
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hi; =1+ 1,(y) — 2y ()’ k1 (y) +w Kz(y)) ,  hyy =0. (31)

From Egs. (8), (9), and equations of fundamental forms, we concluded the Gaussian curvature and mean
curvature as:

K(y,w)

B . (1 +1,(¥) — 2y(y 1 () + w Ky (;v)))2 32
(—Zy (1 +y—2w+yw(-2+ BW)) +w(-3+y+ 2w)((1 —2yw)r,(y) + 2y2x2(y)))’

H(y,w) .

(—Zy (1 +y—2w+yw(—-2+ 3w)) +w(-3+y+ 2w)((1 —2yw) Kk (y) + 2y2}c2(y)))

((—2 (1416200 = 29(y 1.3 +w () (22 (2y (—1+ 2w) +w (=3 +y + 2wy (7))

+(—1+2y w)(—l +w2+w(-3+y+ Zw)fcg(y)))
+ @4yt + (1 -2y w)H) (41 — 2w, () —w(=3 + ¥ + 2wk, ()?
—2(-1+wH)i(y) —w(=3+y+ 2wk, () + (1 + ¥y — 2y*w)K;' (y)

PO+ w—ywd) xzf(y)))) (33)
1 2 3 2 _ —
(_1 + 2}72}{:1(}’) + (_1 T ZyW) Ez(y))g (_4y Kl(y) + Kl(}’) (2 +( 2 +J’)( 1 +J’) Kz(}’))
+ 1) (100D (2 + 4y w + (=2 + ) (-1 + ) 1) + 25° 1/ ()
+y (—1 +(—2+4yw) }cz(y))}cz’(y)
+ 2y, 0)(-2(-2 + ko)) 1,0) +y K2 3))), (34)

Ky (}’a w) =

In Figures 3 and 4, we demonstrated the effect of both Gaussian and mean curvatures on .
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Figure 3: The Gaussian curvature is not defined at zero in a large percent and decrease from range between -2 and - 8 with a
gradation of colors between yellow to dark magenta.

70.0

Figure 4: The mean curvature is not defined at zero and decreases between -2 and -8 with a gradation of colors between yellow
to dark magenta.

The results of this paper are discussed in the next section.

5. RESULTS
We will discuss the following theorems:

Theorem (1): Let o = o/ (y,w) be the loft surface in I3 is a minimal under the following condition holds,
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2y*i1(y) — 1
2y
Proof: Let @ be a curve on the surface ¢-(y, w). From Eq. (33), we satisfy H(y,w) = 0 by the loft surface. We
get that:

K (y) =

((—2 (1416200 = 29(y 1.3 +w () (22 (2y (—1+ 2w) +w (=3 +y + 2wy (7))

+(—1+2y w)(—l +w2+w(-3+y+ Zw)fcg(y)))

+@y*+ (1 -2y w)z)(ﬁ}y(l — 2w (1) —w(=3 +y + 2wk, (¥)?
—2(-1+w?) 1 (y) —~w(=3 +y + 2w, () + (1 + ¥y — 2y*w)rey' ()

++w—yw?) xz’(y)))) =0 (35)

By using the Mathematica program to solve (35), we have

K, () = 23’2“1()’) —1
that fulfill a minimal surface.

The following theorem (2) will be covered when the surface is developable.

Theorem (2): Let @ be a curve reference to type-2-Bishop frame in isotropic 3-space I3. The isotropic loft
surface ¢(y, w) is developable provided that the following condition is:

1—2y? k1 (¥)

k2(y) = —14+2yw’

Proof: The lofting surface satisfies K(y, w) = 0, requirements Eq. (9) reveals what we can infer:

(141000 - () +w ()
(—Zy(l +y—2w+yw(—2+ 3W)) +w(-3+y+ 2w)((1 —2yw)k; (y) + 2y2}c2(y)))’

0=

Then we have

1-2y* 1i1(y)
—-1+2yw

L) = 2y(y i (0) + wiee(0) = 02 16, (y) =
By this condition, the ¢(y, w) is a developable surface.
The Weingarten surface can be studied by theorem (3).
Theorem (3): The isotropic loft surface is the (K,H) Weingarten surface under the conditions

1-2y2 k4 ()
-1+2yw

Ko (y) =
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Proof: Weingarten isotropic surface satisfies Jacobi equation, K, H, — K, H,, . If we drive the Egs. (32) and
(33) by y and w, respectively, and apply the Jacobi, then we get the following condition
1-2y" iku(y)

10(y) = ii2yw (36)

When the condition (36) is fulfilled in the third theorem, the loft surface will be called the (K, H) Weingarten
surface.

We noticed from theorems (2) and (3) that the loft surface is a Weingarten developable surface under condition

(36).

Theorem (4): Let @ be a loft surface in I} parametrized by (23) and having a non-degenerate second
1

fundamental form is a (K;, K) W-surface if i; (s) = 0 and x5 (y) = W

Proof: Assume @ is an I loft surface parametrized by a type-2-Bishop frame (24). Using Mathematica, we
calculated (K1), , (Ki1)y. K, and K.

The lofting surface in & satisfying the Jacobi equation is considered:
Q(KIZL:K) = (Kll)y Kw - (Kll)w Ky =0,

concerning the Gaussian and second Gaussian curvatures K and K; 1, respectively.

1

Then, we get k;(y) = 0 and k,(y) = —1+2yw’

6. APPLICATIONS OF LOFT SURFACE
This section shows how to deduce two applications of the double helix and a cusp as a lofted surface.
6.1. Double Helix DNA Surface

The much more essential genomic framework in biology is deoxyribonucleic acid (DNA). Its double-helical
structure has come to represent the remarkable advances achieved in molecular biology within the last century.
Even though Watson and Crick's model-building study predicted the double-helix structure more than seven
decades ago, little is known about DNA's detailed structure, dynamics, and energetics, despite its pivotal role in all
living systems [21]. The three-dimensional structure of DNA was not obtained until 1981 from single-crystal
diffraction [22]. James Watson and Francis Crick correctly identified the 3-dimensional double helix structure of
DNA. Hydrogen bonds hold complementary bases together as a pair [23].
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Hydrogen bond

Figure 5: DNA's double-helical structure [23].

After all, furthermore, the two-dimensional parametric curve (cos t, sin t) is a circle (one unit radius, centered
on the origin). Consequently, the three-dimensional curve (cos t, sin t,t) is a helix curving upward from the origin

around the z-axis. The comparable curve (cos(t + m), sin(t + m), t) is another helix, 180 degrees out of step
with the first. These are the two boundary curves of a lofted surface, and all surfaces are created as a linear
relationship between the two curves [3]. After that:

P(y,w) = (cos (y),sin(y),y)(1 — w)+ (cos(y +m),sin(y + m),y )w
= ((1 — w)cos(y) +wcos(y+m), (1 — w)sin(y) + wsin(y + m), y) (37)

Here y can contain any value, and w can range from 0 << w < 1. The surface resembles a twisted thread
because of the double helix formed by the two curves [4].

Figure 6: The double helix of a lofted surface.

We get some properties of a DNA lofted surface (first fundamental form, second fundamental form, mean
curvature, Gaussian and second Gaussian curvatures, and Weingarten surface).

11 = ((—1 + 2w) sin(y) + y x4 (y))2 + (cos(y) — 2w cos(y) + y Ky (y))z,

912 = —2y (cos(y) k1 (¥) + sin(y) K, (1)), 222 = 4,
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hyy = =y(k2() + k2() + (=1 + 2w)cos()(2k, () + k1 (7)) — (=1 + 2w)sin(y) (2 k; ()
—15(¥)),

hi; = 2(cos(y) k1 (y) + sin(y) x;()), hy, =0,

1
(2(1 — 2w — ysin(y) k,(y) + v cos(y) x,(¥))?2) (v cos(2y) i (y) — y cos(2y) x5 (y)
+ 2 sin(y) 1, (¥)(1 = 2w + 2y cos(y)) + (=1 + 2w)cos (¥)) (2x,(y) + k1 () k1 (1))
+ (=1 + 2w) sin(y) k5 (3)),

H(y,w) =

(cos) k1 (@) + sin(y) 1, ()’
(1-2w —ysin(G) ©;(») +y cos(y) 1,(3))°

K(y,w) = -

The DNA double helix surface is a (H, K') Weingarten surface under the condition:

w1 (y) — _tan
1, (¥) Y

The Gaussian and mean curvatures of the DNA double helix surface are presented in Figures 7 and 8,
respectively.

-1.00.50.00.5 1.0

2
10
1
o
5
=
o | ‘

‘\ e
3 %‘é

Figure 7: Gaussian DNA double helix curvature increases between orange and olive drab color, reaches a nihilistic zero, and
decreases through dark green and midnight blue colors.
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-1 0-0_5040 05 1.0
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2
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Figure 8: The mean DNA double helix curvature exists in yellow color and decreases in blue color.
6.2.A Cusp Surface

Consider p:I - R™ a curve (potentially with p} and p_ as side derivatives). There are two distinct
classifications of cusp in the literature [24]:

1. p(t) is referred to as a cusp if p (t) = —p_(t) # 0;
2. p(t) isknownasacuspif p'(t) =0and p"(t) # 0.

Considering the two curves ¥ (y) = (8,4,0) y* — (12,9,0) y? + (6,6,0) y + (—1,0,0) and
W,(y) = 2y — 1, 4y(y — 1), 1), describe a lofted surface that is simple to determine. Make a note of how the
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curves transfer through the points

¥1(0) = (=1,0,0),%;(0.5) = (0,7,0), %, (1) = (1,1,0), ¥,(0) = (-1,0,1), ¥,(0,5) = (0,~1,1),a

nd W, (1) = (1,0, 1), It facilitates the visualization of the surface (Figure 9). The two curves' tangent vectors [3]
are:

Y (y) = (24,12,0)y* — (24,18,0)y + (6,6,0), ¥ (y) = (2,8y —4,0).
Observing that ¥}’ (0.5) = (0, 0,0), indicates that ¥; (y) does have a cusp at y = 0.5 [3].
The lofted surface that the two curves describe is [3]:

Yiy,w)=@y?Qy—-3) A -w)—4yw+6y—1, y?(4y—9)(1—-w) +4y’w—10y w
+ 6y, w)

Figure 9: The lofted surface patch

We get some properties of a cusp lofted surface (first and second fundamental forms, mean curvature, Gaussian
and second Gaussian curvatures, and Weingarten surface).

P11=(6-24(-1+y)y(-1+w)—4w+w xl(y))z
+ (—2(—1 +2y)3+3y(-1+w)—5w)+w Kz(y))z,

P12=—41+y)y(-1+2y)(6 —24(-1 +y)y(-1+ w) — 4w + wx;(3))
— (24 P)y(5+ ) (-2(-1+20)B +3y(—1 + w) — 5w) + w K, (3))),

D5 = ¥ (116 +y (—356 +y (457 +8y (=37 + 103/)))),

hyy = 4(—3+ 12(-1+y)y(—1+w) + 2w) ki; ) —w k2 (y)
+4(—1+2y)B+3y(—1+w) —5w) ko, (v) —wiri(y) + (=1 + 2y)(—1 + 4(-1
+)y(—1+w) ki (y) +y(—6+y(9 +4(—1+w) — 13w) + 10w) x5 (¥),

hi = 4(=1+y)y(=1+2y) Ky (y) + (=2 + ¥)y(=5+ 4y) x; (), hyy =0,

d=2 (36 +2y(—87 + 34w + 4y(33 — 15y — 16w + 7wy)) + (=2 + y) (=5 + 4y)w (3

— 4149 (-1 + 2w ()
1965
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1

H(y,w) = E((_6 +y+ 4312)(14 + y(—25+ 12y))w kZ(y)

+16(—1+4 (=1 +2y) (18 +y(—87 + 34w + 4y(33 — 15y — 16v + 7y w))) 16, (y)

— (=6 +y +4y")(14 + y(=25 + 12y)w 5 (¥) — 4(=2+ ¥)(=5 + 4y) x; (») (18
+y(—87 + 34w + 4y(33 — 15y — 16w + 7y w)) — 4(—1 + ¥)(—1 4 2y)w k3 (y))

+ (116
+y (356 + y(457 + 8y(—37 + 10y)))) (-1+2y(-1

+4(-1+»)y(~1+w)) k1 (3) + y(=6 + y(9 + 4y(—1 + w) — 13w) + 10w) }cé(y)))

M = y? (36 + 2y (—87 + 34w + 4y(33 — 16w + y(—15 + 7w))) +(24+y)(-5+4y)wK (y) —

2
-1+ (14 2w ()

(414 9y (14 20) 1 O) + 2+ MY(5 + 4) 10))°
M

K(y,w) =

The cusp surface is a (H, K) Weingarten surface under the condition:

k(@ (2+w)(-5+4u)
k() 4(—1+uw)(—1+ 2u)

The Gaussian and mean surface curvatures of the cusp are illustrated in Figures 10 and 11, respectively.

Figure 10: At the value of zero, the Gaussian curvature is not defined, and becomes green. it decreases gradually between the

yellow and shamrock colors and appears in the values 2and ahove zero. The curvature decreases between pine color and
juniper color appear between the values under zero value and -2.

1966
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Figure 11: The gradient green color takes up most of the surface, and the mean curvature increases in the yellow color at values
2 and decreases very much at value -2 for the color juniper.

CONCLUSION

In this paper, we studied and designed the generation of the loft surface using three different curves. The loft
surface properties were investigated using a type-2-Bishop frame in isotropic space. We discovered conditions to
know when the surfaces are minimal, developable, and Weingarten surfaces by mean, Gaussian, and second
Gaussian curvatures. We mentioned two applications in biology and geometry.
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